A computer program and hardware interface are described that enable the examination of various phenomena related to the organization of simple movement patterns. Components of the program focus on the tracking of serial stimulus events; the reproduction of varied sequential, rhythmic patterns; and the production of self-initiated rhythmic patterns. The program controls the input from and output to the parallel ports of a multifunction data acquisition expansion board via a custom-built circuit board.
1975).
To facilitate the study of such phenomena, we developed a generalized computer program and hardware interface. This program, SOSMP (an acronym for the sequential ordering of simple movement patterns), has the potential to control several variations in experimental methodology. Simple sound and light patterns can be created by the experimenter to be used as serial event stimuli (through speakers or LEDs), and the subject's responses (depression of pushbutton switches) to these patterns are compared with the stimuli and stored for later analysis. Three general types of experiments can be orFundingfor this project was obtained from the NaturalSciences and EngineeringResearchCouncilof Canada(Grant A0434). Requests for reprints shouldbe sent to Ian M. Franks, University of BritishColumbia, 6081 University Blvd., Vancouver, BritishColumbia V6T lW5, Canada. ganized using this program. The tracking experiment requires the subject to respond simultaneously to the onset of each event within the sequence of events. The reproductionexperiment requires the subject to reproduce a given pattern following a programmable delay. The production experiment allows the subject to produce his/her own selfinitiated pattern of events.
The SOSMP program was designed to operate in conjunction with the digital input/output (I/O) of the Tecmar Labmaster multifunction data acquisition board that was resident in an mM XT microcomputer. Although it is possible to use the parallel port and the programmable clock of the mM computer for this application, the Labmaster was chosen for several reasons. First, the Labmaster has the capability of reliably timing an event to an accuracy of 0.1 msec, whereas the resident clock within the mM XT increments at only 18.2 Hz. An expansion board programmable clock is another alternative, since it can time to an accuracy of 0.5 msec. However, not all of these expansion boards (especially for mM compatibles) have the same chip responsible for timekeeping. Thus the software would have to be adapted for different expansion boards, since the port locations and the process by which the numbers are accessed vary. In addition, the crystal responsible for timekeeping on the Labmaster is extremely reliable and designed specifically for experimental applications.
A second reason for using the Labmaster instead of the computer's parallel port relates to the availability of many independently controlled events. Although the specific application described here utilizes 20 possible stimulus output events (10 LEDs linked to 10 speakers) plus 2 warning events and 10 inputs (keypresses), the experimental procedure was initially designed to accommodate a maximum number of 50 distinct visual and auditory stimuli and 50 responses that can be controlled independently, in addition to the warning events. The three 
a a a a a a a a a a RESPONSE SYITCHES
. General overview of the interaction between various components of the system.
8-bit ports of the digital I/O can yield 3 x 256 independentlycontrolled events, whereas the parallelport of the computer can access 8 bits of data outputwithonly5 bits of input. Use of the Labmaster, therefore, allows expansion of the presentsystem witha relatively small adaptation in programming and hardware. A customized circuit board was designed to interface the Labmaster andan arrayof 10 stimuli andtheappropriate warning events (seeFigure I). TheSOSMPprogram, written in Turbo Pascal, records the event and the time of each response (i.e., the absolute time that the specified key is depressed and the timeof release). It doesnot, however, complete any analysis of theseevents. Instead, the SOSMP program stores the events in a format that can easilybereadby anotherprogram, whichin tum can be used for analysis. The program we used to analyze these data was Lotus Symphony. One feature of Symphony is theuseof macros, which are computer programs Note-The integrated circuits (lCs) are numbered on Figure 2 . These ICs (I through 5) are 7400 quad 2-input NAND gate circuits. The R in the wiring list indicates that the pin should also be connected through a 2.7K resistor to +5 V. The (out) in the wiring list indicates that this pin provides the debounced state of the corresponding switch and is fed to the priority encoding circuit. Figure 2 ). Six wires originate from port C of Labmaster and enter socket 5. The 4 least significant bits representa number from 0 to 11 and are sent to the "1-of-16" decoder (see Table 3 ), which activates 1 of 11 separatelines. These signals are then sent to the LED driver sections (see Figure 4 ) and to the quad bilateralswitches (through the 7406 inverter). Tonesare generated by the tonegeneration subcircuit (see Figure 5 ), and signals are sent to the quad bilateral switches. Further processing of the signal through the quad bilateral switch enables a decoder to output a "1" on the switch. Bit 5 represents LEDs, andbit 6 represents tones. The signalthen goesto the LED/Tone Ground subcircuit. Bits 4 and 5 from Part C of the Labmaster indicate whetherLEDs, tones, or both shouldbe used for the stimuli. Instead of all LEDs being connectedto ground, they are connectedto the collectorof an NPN transistor, and this transistor's emitter is connected to ground. Hence, the LEDs are not connected to ground unless the baseof the NPNtransistor is properly biased. Bit 4 is used to bias the base of the transistor througha resistor.Ifbit 4 is 0 V, then the transistor is off and the LEDs are not connected to ground. Alternatively, if bit 4 is 5 V, then the transistoris on andthe LEDsare connected to ground. Similarly, the speakers are also connectedto the collector of an NPN transistorand are biasedthroughbit 5 (see Figure 6 ).
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that take the place of many Symphony commands. The macro, used in conjunction withSOSMP, loadsthe stored data onto the spreadsheet, thus allowing the experimenter to viewthe dataand complete various analyses of the data.
SOSMP CIRCUIT BOARD
The circuit board is made up of a number of subcircuits, each of which carries out a specific task (see Figure 2 ). Switch sensing is carried out by the left half of the circuit board, which includesthe switch debouncing circuit and thepriority encoding circuit. Sockets 1 and 2 are connected to the responseswitches,and these signalsare fed into the switch debouncing circuit. The 10 pushbutton switches are mechanical and thus are susceptible to mechanical switch bouncing. To overcome this, each switch is fed into a switch debouncer that consists of NAND gatesconfigured as "flip-flops" (seeTable 1 and Figure 3 ). These NANDgatesare found on the five7400 chips (note that the switchesused are singlepole, double throw). The signals from the switch debouncing circuit are then fed into the priority encoding circuit (see Table 2 ). This circuit has 10 inputsand outputs, and a sin-
The SOSMPprogram is menu driven, and the general flowof the programis shownin Figure 7 . The menuconsists of five items: Check DigitalInput/Output, Edit Cycles, Tracking, Reproduction, and Production. The last threeitemsof this menulist deal withthe control andoperation of specificexperimental methodologies and procedures, and they are groupedin the following description. Note-ICs 6 and 7 are 74148 I-line to 3-line priority encoders. IC8 is a 7400 quad I-input NAND gate. These ICs are wired together to encode 10 lines (the 10 pushbutton switches) into a 4-bit binary code (bits oto 3). These 4 bits are connected to socket 5, which is then connected to the Labmaster.
Check Digital Input/Output. This subprogram (see Figure 8 ) can be used to ensure that the SOSMP circuit board is connected correctly and is working properly. Once this option has been chosen, the array of switches, LEDs, and speakers becomes active. Pressing a switch activates the corresponding LED and speaker. In this manner, all of the switches, LEDs, and speakers can be tested.
Edit Cycles. This subprogram allows the experimenter to list the cycles stored on diskette and to create, examine, and delete cycles from the diskette. A cycle is simply a pattern of temporal stimulus (tone or light) events that can be repeated a specified number of times to form a larger pattern of events. When a cycle is edited using "procedure edit" (see Figure 8) , the file cycle -IlIIl is accessed. This file contains the names of files that have been created using this particular program disk.
Creating a cycle results in two actions. First, a file with the same name as the cycle being created is stored on the disk. This file contains the number of times a stimulus event is to be activated, the specific stimulus event to be activated, the duration of the activation, and the time period between deactivation of one stimulus event and activation of the next. Second, the cycle name is stored in the cycle -IlIIl file so that the program can identify it. Listing the cycles simply reads the cycle -IlIIl me from the program disk being used and prints out all the names contained in that file. Examining a cycle loads the named cycle, and this cycle is generated via LEDs and/or tones.
Deleting a cycle removes a specified cycle -IlIIl. Tracking, Reproduction, and Production. These subroutines can be chosen from the mainmenu, and values for certain administrative details are required (see Figures 9, 10 , and 11 for graphical descriptions of these elements of the program). The following values must be stored for each experiment:
1. Tracking Parameters
Warning Event: The warning can be a tone, an LED, or both, and has a duration from 100 msec to 4,000 msec. Foreperiod: The foreperiod is an unfilled temporal interval that lasts between 100 msec and 4,000 msec. Stimulus: This includes the name of the cycle to be used as the stimulus pattern, the number of cycles per trial, and the type of stimulus (tone, LED, or both). Trials: The number of trials to be used must be specified. For each trial (in all three types of experiments) the selected parameters are repeated. Note-IC9 is a 74154 4-line to lfi-line decoder. It takes 4 bits from socket 5 and puts I of II output lines low (the device is active low). These output lines are fed into IC10 and ICll, which are 7406 hex invert buffers/drivers with open-collector highvoltage outputs. These chips convert the low signal into a high (I2-V) signal (the outputs are connected to 12 V through a 22K resistor). This high signal is then used to drive the base of an LED driver (refer to Figure 4 ) and also to close one of the quad bilateral switches.
Reproduction Parameters
ICI2, IC13, and ICI4 are CMOS 4066 quad bilateral switches. Pin 14 is at 12 V because the signals passed by the switches are 12-V signals from the tone generation circuitry. If a control pin has 12 V put to it, then whatever is at the input pin will appear at the output pin. There is no TTL equivalent to the CMOS bilateral switch.
The II tones are always present on the input pins of the quad bilateral switches; however, only one of the tones is passed to an output pin. 
Production Parameter
WarningEvent: This eventcan be a tone, LED, or both and has time options similar to the previous tracking and reproduction methodologies. Production: Afterthe warning eventhas finished, the subject should begin producing the selfinitiated pattern.
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Use of Counters
The Labmaster counters are used extensively by the SOSMP program. The master clock signal on the Labmaster data acquisition board originates from a slower clock signal (1000KHz ± 1KHz). All counters are 16-bit counters and can count, therefore, from 0 to 65,536. The SOSMP programutilizesa clockpulse witha period of 100 JLsec (0.1 msec), which ensures a design specification of at least l-msec accuracy.
Counter I is used for the length of time that a tone or LED shouldbe activated, and Counter 2 is used for the interval between stimulus offset and stimulus onset. Because of the hardware design in the Labmaster, the fol- be included in the trials. Theprogram thenrandomlyselectsthe locationof these catchtrials throughout the session. If subjects are in error, a message willbe displayed on the screen. Reproduction: After the second warningevent, the subject reproduces the pattern, and the pushbutton responses can activate tones, LEOs, or both. Correct Numberof Responses Made: This final event informs the subject that he/she has pressedthe correctnumber of keysand, therefore, should stop the trial. It does not, however, imply that the keys have been pressedin the correct order or for the correct length of time.
ters operate in such a way that they approach the value 65,536 and, having done so, are loaded with whatever is in their respective load registers, incremented by 1, and instructed to stop counting. The value in the alarm register is continuously compared with a comparator. If the values are equal, then the alarm bit is set to 1. Thus, when a counter has counted its count length, the alarm bit will be set to 1 and will be in a steady state. It is this alarm bit, which is checked by the SOSMP program, that determines the completion time of the event.
Counters 3 and 4 are used as running times to time the keypresses. SOSMP commands Labmaster that counter 3 is to be used as a count signal to counter 4. This means that when counter 3 counts from 65,536 to 0, counter 4 will be incremented by 1 (counter 3 was set to run continuously so that it does not stop at 65,536+ 1). Conceptually, this arrangement can be looked upon as having one large 32-bit counter. These counters are reset to 0 at the start of each trial. Whenever a key is pressed, the binary values of these two counters are stored in 8-bit segments in an array. Byte 1 represents from 0 to 25.5 msec, byte 2 from 25.6 to 6,553.5 rnsec, byte 3 from 6,553.6 to 1,677,721.5 msec, and byte 4 from 1,677,721.6 to 429,496,729.6 msec. This means that counters 3 and 4 are being used as a O-hto l19-h timer, accurate to within 100 usee. lowing steps were taken: (1) the load registers were set to 0, (2) the alarm registers were set to 1, and (3) the counters were loaded with the complement of the binary representation of how long they should count. The coun- transfers). The array in which these times are stored is called key pressed and is a 6,016x9 byte array. Keys pressed [n,l] contains the value of the key pressed (l ... 10); [n,2] ... [n,5] contain the start time; [n,6] ... [n,9] contain the stop time.
Use of Ports
A port on the PC can be thought of as a byte of memory. Thus each port has a unique address and can be written to and read from. The main difference between a port and a byte of memory is that a port can be physically connected to the outside world. The SOSMP circuit board hardware connects the bank of pushbutton switches to one of the PC's ports via the Labmaster. This port is read (similar to the way a byte of memory is read) to determine whether the state of the switches has changed. Similarly, another port connected to the SOSMP circuit board via the Labmaster is used to tum on a certain LED or tone. The SOSMP program writes a certain binary code to this port, this value is read by the SOSMP board, and a specific LED or tone is output. The addresses of ports are given in the constant definitions section of the SOSMP program. For example, the constant KEY~RT is the address of the port that contains the binary code for the state of the pushbutton switches. Port addresses are used When a cycle is loaded from disk, its values are given in decimal representation. These decimal representations must be converted to binary complement representations so that counters 1 and 2 can use them. This conversion is accomplished by the convertms procedure and is done while the cycle is being loaded from disk. The array eye register is used to store these values. This is a lOOx5 array, and can hold one cycle of 100 "activations," the [n,l] element indicates which of the lout of 10 LEOs/tones will be active, the [n,2] element is the most significant bit (msb) for the length of activation, [n,3] is the least significant bit (lsb) for the length of activation, [n,4] is the msb for the deactivation length, and [n,5] is the lsb for the deactivation length. Thus the eye register array contains the binary values of the times usedby counters 1 and 2 for presenting cycles.
The procedure checkkeycontinuously checks the pushbutton switches to see if their state has changed (by reading a PORT). A state change is one of: no keys pressed-a key being pressed; a key being pressed-no key being pressed; a key being pressed-a different key being pressed. If one of these state changes has occurred, then a call is made to either the procedure store stop or the procedure storestart, which store the stop and start times, respectively. The first action that takes place in these procedures is to store counters 3 and 4 into their respective hold registers. These are 16-bit hardware registers contained on the Labmaster itself. Next, the data is transferred to the memory of the PC, where it is stored in an array. This transfer is done in 8-bit segments since the bus of the PC is an 8-bit bus (an IBM AT can do l6-bit Ori,in.al y P.ar.am.t.rs ? Figure 11 . A flow diagram describing the Production option.
to control the Labmaster hardware. Thus wntmg to specific ports, in effect, is writing to specific registers/memory on Labmaster, which in tum tells the Labmaster what to do.
PROGRAM CONTROL OF THE SOSMP HARDWARE BOARD
Input
As stated above, the SOSMP program sends/receives data to/from the SOSMP circuit board through ports. Channel A of the Labmaster is the port (address 1820) used for sensing the state of the switches. Only the 4 least significant bits are connected to the SOSMP board since 4 bits can represent 16 different states and are, therefore, sufficient to represent 10 pushbutton switches. The remaining 4 bits must be connected to ground. Thus, when the program reads this port, it should see a value between 1 and 10.
Output
Channel C of the Labmaster is the port (address 1822) used for sending control data to the SOSMP board. Each of the 4 least significant bits of this port will contain a number between 0 and 11. A 0 represents the state in which none of the LEOs/tones will be active. A number between 1 and 11 represents one of the LEOs/tones (11 is the warning). The 5th bit indicates that LEOs should be the type of stimulus, and the 6th bit indicates that tones should beused. Thus, to output a certain stimulus, a value is written to this port. For example, to tum on the warning LEO and tone, the value 11+ 16(LEO)+32(tone)=59 must be written to the port. To tum the warning off, a o is written to the port.
Error Handling
Turbo Pascal and most other implementations of Pascal do not contain direct error handling control, such as the "onerror goto" instruction found in BASIC. Because of this, error handling must be handled explicitly within the program. All of the procedures starting with "io.;.,' such as io_wrt, perform simple disk I/O tasks but do so with error handling by using ($1-) and ($1+). (Refer to a Turbo Pascal manual for more details.)
